We present formulae for the mass differences ∆M d and ∆M s in theB 0 d,s -B 0 d,s systems and for the CP violation parameter ε which are valid in minimal flavour violation models giving rise to new four-fermion ∆F = 2 operators. Short distance contributions to ∆M s , ∆M d and ε are parameterized by three real functions F s tt , F d tt and
Introduction
The determination of the CKM parameters and of the related unitarity triangle (UT) are the hot topics in particle physics [1] . In this context a clean measurement of the angle β in the unitarity triangle through the time dependent CP asymmetry, a ψK S (t), in B 0.59 ± 0.14 ± 0.05 (BaBar) [2] 0.99 ± 0.14 ± 0.06 (Belle) [3] . which is compatible with the SM expectations. Because theoretically this ratio is considerably cleaner than ∆M s and ∆M d themselves, its precise measurement will have an important impact on the determination of the unitarity triangle and on the tests of the SM and its various extentions. As emphasized in [1, 7, 8, 9, 10] this impact will be even stronger in conjunction with the measurement of a ψK S . It is therefore exciting that ∆M s /∆M d should be measured already this year in Run II at Fermilab, while improvements of the a ψK S measurements are expected from BaBar, Belle, CDF, D0 and, at later stages, from BTeV and LHC experiments.
The result (1.3) for a ψK S should be compared with the value of sin 2β obtained from the analyses of the unitarity triangle in the framework of the Standard Model (SM) [1, 7, 11] that center around (sin 2β) SM ≈ 0.70 with estimated errors ranging from 0.07 to 0.24. Clearly in view of large experimental error in (1.3) and the considerable uncertainty in the error estimates of (sin 2β) SM , the SM fits are compatible with the experimental value of a ψK S . The small value of a ψK S found earlier by the BaBar collaboration [12] has not been confirmed by most recent data. On the other hand, the large value of a ψK S measured by the Belle collaboration may be suggestive of new physics contributions to B [10] , [13] - [21] of new contributions done in the context of small a ψK S value reported by BaBar [12] could still be relevant if properly reformulated. Such new contributions could modify not only the relation between a ψK S and sin 2β in (1.1) but also the value of sin 2β obtained from the fits of the unitarity triangle.
In general models of new physics potentially contributing to a ψK S , ∆M d,s and/or ε fall into the two following broad classes [1] :
• Models in which the CKM matrix remains the unique source of both, flavour and CP violation. The effects of this source are however modified by the new interaction vertices (of new particles) in which the CKM matrix elements appear.
• Models with entirely new sources of flavour and/or CP violation.
The first class can be conveniently further subdivided into the so-called MFV models [22, 9] and the generalized MFV models (GMFV). The characteristic feature of the MVF models (MVF scenarios of new physics) is the strong dominance in their low energy effective Hamiltonian of the same operators that occur in the low energy effective Hamiltonian of the SM. In such models the formula (1.1) remains valid and the relation between the ratio ∆M s /∆M d and the length of one side of the unitarity triangle, R t , is as in the SM: it remains independent of the parameters of the particular model. Thus, for this class of models the unitarity triangle is universal [9] . The distinction between different models of this class can then be made through the study of ε and ∆M d which in contrast to a ψK S and ∆M s /∆M d do depend explicitly on new physics contributions. A detailed analysis of the profile of the UT in supersymmetric scenarios of this class can be found in [7] . Other discussions of the MFV models can be found in [19, 20, 23] .
The GMFV models generalize the MFV models by allowing for significant contributions of the nonstandard operators in the effective low energy Hamiltonian. In this class of models the formula (1.1) is still valid but the relation between ∆M s /∆M d and R t is could turn out to be necessary to explain the future precise value of a ψK S , it is important to investigate first the scenarios that do not invoke new sources of flavour and/or CP violation.
It is therefore useful to analyze first MFV and GMVF models that are more constrained than the more general scenario mentioned above. It turns out that in the MFV models there exists an absolute lower bound on sin 2β [10] that follows from the interplay of ∆M d and ε and depends mainly on |V cb |, |V ub /V cb | and the non-perturbative parametersB K , F B d B B d entering the analysis of the unitarity triangle.
An updated conservative lower bound on sin 2β obtained by scanning independently all relevant input parameters reads [1] (sin 2β) min = 0.42 .
As analyzed in [10, 1] , this bound could be considerably improved when the values of |V cb |,
, will become better known or if ∆M s is measured so that the ratio ∆M s /∆M d can be used, along with the non-perturbative parameter ξ, to determine the length of one side of the UT. The lower bound (1.6) is fully consistent with the experimental data but as the latter are not yet very precise it could prove useful when the knowledge of
, ∆M s and ξ improves. Note that the bound (1.6) allows values of sin 2β that are slightly smaller than the ones obtained from the fits to the unitarity triangle within the SM, (sin 2β) SM > 0.5. In view of the unexpectedly high value of a ψK S found by the Belle collaboration [3] , more interesting at present appears the upper bound on sin 2β in MFV models that reads [8, 23] (sin 2β
Here R b is the lenght of one side of the unitarity triangle (see fig. 1 ) given in terms of |V ub /V cb | in eq. (2.12). With the input parameters specified in table 1, one obtains (sin 2β) max = 0.82 that is fully consistent with the BaBar result [2] but appears to be violated by the Belle result [3] . We will return to this issue in the course of this paper. The natural next step is to exploit GMFV models. In the present paper we would like to make this step and present general formulae relevant for the analysis of the unitarity triangle and sin 2β in the GMVF models. Examples of the MFV models are the Two Higgs Doublet Models II (2HDM(II)) and the MSSM, in which sfermion mass squared matrices are aligned with the corresponding fermion mass matrices and the CP violating phases of the gaugino masses, µ and A parameters are all set to zero, provided the ratio of the vacuum expectation values of the two Higgs doublets, v 2 /v 1 ≡ tanβ is not too large. It is well known [24, 25] that in both these models the contribution of light charged Higgs boson and/or (in the case of supersymmetry) charginos and stops to the Wilson coefficient of the standard (V − A) ⊗ (V − A) operator can significantly enhance the tW ± contribution to ∆M s , ∆M d and ε.
In this paper we show that for large tanβ ≡ v 2 /v 1 both models become GMFV models.
In particular in the MSSM in the limit M W < ∼ M H + ≪ M sparticle , which we consider here for simplicity, we find that:
• There can be significant contributions to ∆M s from the charged Higgs box diagrams (growing like tan 2β at the 1-loop level and faster after including leading higher order corrections) and, growing as tan 4β , contributions arising from the double penguin diagrams involving the neutral Higgs scalars. Compared to the contribution of the extended Higgs and chargino/stop sectors relevant for low tanβ, the interesting feature of all these new contributions is their sign which is opposite to the standard tW ± box contribution.
• Compared to ∆M s , the corresponding contributions to ∆M d and ε are suppressed by the quark mass ratios m d /m s and m d /m b , respectively.
• Consequently, in this scenario sin 2β cannot deviate significantly from its SM value, i.e. the lower bound (1.6) can never be reached.
• Present experimental data strongly limit large mixing of stops if their mass difference is large compared to the electroweak scale.
• If a ψK S is found below 0.5 or above 0.82 this particular supersymmetric scenario will be disfavoured (together with the SM). If a ψK S ≈ 0.7 this scenario can lead to the γ angle slightly smaller (depending on the measured value of ∆M s ) than in the SM.
The full MSSM with large tanβ, including the effects of light sparticles, will be analyzed in the forthcoming paper [26] . Our paper is organized as follows. In section 2 we generalize the MFV formulae of [10, 9, 1] which follow from the present and future experimental data (sec. 2.4). We also point out that in this class of models the function F s tt can be directly measured through ∆M s and that the angle γ could be larger than 90
• . The formulae necessary to express the functions
directly in terms of the Wilson coefficients of the four-fermion operators are collected in Section 3. The 2HDM(II) and the MSSM with large tanβ ≡ v 2 /v 1 and heavy sparticles are discussed in Section 4. We give complete formulae for the one loop contribution of the box diagrams involving charged Higgs bosons and derive simple approximate formulae describing the dominant effects of the double penguin diagrams. Consequences of their large contribution and implications of the bounds presented in sec. 2.4 are also discussed. We conclude in Section 5.
Basic Formulae

Effective Hamiltonian in GMVF Models
The effective weak Hamiltonian for ∆F = 2 transitions in the GMVF models can be written as follows
Here Q i are ∆F = 2 operators, G F is the Fermi constant and V i CKM is the appropriate Cabibbo-Kobayashi-Maskawa (CKM) factor. Because in the GMFV models the CKM matrix is by definition the only source of flavour and CP violation, the Wilson coefficients C i (µ) are real. Using this Hamiltonian with the Wilson coefficients evaluated at the appropriate scale µ one can calculate ∆F = 2 amplitudes, in particular the mass differences ∆M d,s and the CP violation parameter ε measured in K → ππ decays.
The full set of dimension six operators contributing to ∆F = 2 transitions consists of 8 operators. According to the chirality of the quark fields they can be split into 5 separate sectors. The operators belonging to the VLL, LR and SLL sectors read:
where I, J are the flavour indices (i.e.
(1 ∓ γ 5 ) and the colour indices are contracted within the brackets. The operators belonging to the VRR and SRR sectors are obtained from Q
VLL 1
and Q
SLL i
by interchanging P L and P R . Since QCD preserves chirality, there is no mixing between different sectors. Moreover, the QCD evolution factors from high energy to low energy scales in the VRR and SRR sectors are the same as in the VLL and SLL sectors, respectively. However, one should remember that the initial conditions C i (µ t ) (where µ t = O(m t )) are in general different for operators involving P L and P R . In the limit in which the effective Hamiltonian (2.1) is dominated by the single Q VLL 1 operator one recovers the results of the MFV models.
The QCD renormalization group factors relevant for the Hamiltonian (2.1) have been calculated at the NLO level in [27, 28, 29, 30, 31, 32] where the last four papers deal with the LR and SLL(SRR) operators. In particular in ref. [32] master formulae for ∆F = 2 NLO QCD factors relating C i (µ t ) to C i (µ) where µ t = O(m t ) and µ = O(m b ) or µ = O(2 GeV) have been presented and evaluated numerically in the NDR renormalization scheme. Below we will exploit the general formulae of ref. [32] expressing ∆M d , ∆M s and ε in terms of the non-perturbative parameters B i . It is straightforward to generalize the formulae of refs. [1, 10, 9, 23] to the case of GMFV models. To this end, following the notation of ref. [7] , we introduce three real functions [23] . We further split the parameters f i into universal and non-universal parts
wheref i = 0 in the MFV models [10] . We have then,
where F Bq is the B q -meson decay constant,B Bq is a non-perturbative parameter and η B = 0.55 is the QCD factor [27, 28] . The measurements of ∆M q determine the length R t of one side of the unitarity triangle (shown in fig. 1 ) defined by
, and λ, ̺ and η are the Wolfenstein parameters [33] . As in ref. [23] we set λ = 0.222 in the analytic formulae below. [ 1, 10] where λ = 0.220 has been used. This change has only a very small impact on the numerical analysis. In particular the bound (1.6) remains unchanged. On the other hand the increased value of λ shifts V ud closer to its experimental value. See ref. [11] for the discussion of this point. 
The measurement of the parameter ε imposes the constraint which reads:
where η 2 = 0.57 is the QCD factor [27] and P c (ε) summarizes the contributions not proportional to V * ts V td . With (2.7) and (2.10), the formula of ref. [10] for sin 2β valid in MFV models generalizes to
Note that new physics can affect sin 2β both through f d and f ε in (2.11) and indirectly throughη. We assume as in [9, 10] that new physics contributions to P c (ε) are negligible. In this case P c (ε) = 0.30 ± 0.05 [34] .
How to distinguish GMFV from MFV
In general, the presence of new ∆F = 2 operators causes the departure from the relation
tt valid in the MFV models. This means for instance that the ratio ∆M s /∆M d , being now dependent on new physics contributions, cannot be used any longer for the construction of the universal unitarity triangle [9] . In other words the dictionary between R t and ∆M s /∆M d , as given by (2.8), differs from the corresponding one in the MFV models because R sd = 1. This fact offers a possibility to distinguish experimentally between these two classes of models. Two strategies are presented below. Because of the unitarity of the CKM matrix these strategies are related to each other.
Strategy A
For given values of |V ub /V cb | and ∆M s /∆M d one can determine (see fig. 1 ) 12) and R t by means of (2.8), respectively. This gives the apex of the unitarity triangle with
and consequently
(2.14)
These formulae establish the relation between sin 2β and ∆M s /∆M d that depends on the ratio R sd . In fig. 2 we show sin 2β as a function of ∆M s /∆M d for |V ub /V cb | = 0.070, 0.085, 0.10 and different values of the ratio R sd . To this end we have set ξ = 1.15. We observe that for ∆M s /∆M d below 40 the distinction between GMFV and MFV models will be difficult unless the values of ξ, |V ub /V cb |, a ψK S and ∆M s will be known very accurately or the value of R sd differs substantially from unity. It is also easy to find that the two possibilities, small R sd and large R sd , favour small and large values of the angle γ in the unitarity triangle, respectively. Which of these two possibilities is favoured by the data can only be decided by other measurements. This includes ε, ∆M d alone and in particular a direct measurement of γ. This brings us to the second strategy.
Strategy B
The angle γ in the unitarity triangle can be found from R t and β determined through (1.1) by using the relation
Expressing R t in terms of ∆M s /∆M d by means of (2.8) allows to calculate γ as a function of sin 2β, ∆M s /∆M d and R sd . For R sd = 1 the predictions for γ in GMFV models will generally differ from those in the MFV models. Comparing these predictions with future direct measurements of γ it will be possible to distinguish between these two classes of models and check whether the inclusion of new operators is required by the data. In fig. 3 we show γ as a function of ∆M s /∆M d for sin 2β = 0.4, 0.6, 0.8 and various values of R sd . We observe that the distinction between MFV and GMFV models in this strategy is, in contrast to strategy A, very transparent in the full range of ∆M s /∆M d considered. As this strategy involves only a ψK S and ∆M s /∆M d , that are theoretically cleaner than |V ub /V cb |, it is this strategy which in the future should play the crucial role in the distinction between the MFV and GMFV models. The ratio ∆M s /∆M d and the asymmetry a ψK S should be determined very precisely in the coming years. The determination of γ is more difficult but should be achieved at LHCb and BTeV. Some information on the angle γ should also be gained from the B d → πK decays measured by CLEO, BaBar and Belle and by the combination of B d → π + π − rate (already measured by these three collaborations) and the rate of the B s → K + K − decay [35] which are going to be measured at Tevatron.
As seen in fig. 3 the values of γ for R sd ≤ 1.2 are below 90
• . On the other hand for substantially higher R sd also γ > 90
• is possible. The possibility of γ > 90
• resulting from the unitarity triangle fits is very interesting in view of several analyses [36, 37, 38, 39] of two-body non-leptonic decays B → πK, ππ that favour γ > 90
• in contradiction with the usual unitarity triangle analyses that confidently give γ < 90
• . With increasing ∆M s /∆M d this problem will become more serious. In view of sizable theoretical uncertainties in the analyses of B → πK, ππ and of large experimental errors in the corresponding branching ratios it is not yet clear whether the discrepancy in question is serious. For instance [40] sizable contributions of the so-called charming penguins to the B → πK amplitudes could shift γ extracted from these decays below 90
• but at present these contributions cannot be calculated reliably. Similar role could be played by annihilation contributions and large non-factorizable SU(3) breaking effects [36] . Also, a new physics contribution in the electroweak penguin sector could also shift γ to the first quadrant [36] . It should be however emphasized that the problem with the angle γ, if it persisted, would put into difficulties not only the SM but also the full class of MFV models in which the lower bound on ∆M s /∆M d implies γ < 90
• . On the other hand as seen in fig. 3 for sufficiently high values of R sd , the angle γ resulting from the unitarity triangle analysis can easily be in the second quadrant provided ∆M s /∆M d is not too large.
Clearly a general analysis of the unitarity triangle involving ε, ∆M s,d , |V ub /V cb | and |V cb | can also be used to search for the effects caused by the new operators but the two strategies outlined above have in our opinion the best chance to distinguish between MFV and GMFV models in a transparent manner.
Unitarity Triangle, sin 2β and γ
A different version of strategy B is to construct the unitarity triangle by means of the ratio ∆M s /∆M d and the asymmetry a ψK S . With R t given by (2.8) the parameters̺ and η can be determined from the formulae † η = R t 2 1 + sin 2β − 1 − sin 2β
(recall that in in GMFV models sin 2β = a ψK S ) obtained directly from eqs. (2.6) and (2.14). These formulae are equivalent to those presented in [9, 23] but are more elegant.
As an illustration we show in fig. 4 the ranges of (̺,η) allowed by the hypothetical measurement ∆M s = (18.0 ± 0.5)/ps for three values of a ψK S and different values of R sd . Solid ellipses correspond to R sd = 1 valid in particular in MFV models. We also show the R b -constraint, eq. (2.12), with R b = 0.37 ± 0.08 and as a useful reference the ε-constraint (2.10) with 1 + f ε = 1 corresponding to the SM.
From fig. 4 it is clear that for a ψK S = 0.80±0.05 the class of models giving R sd = 1 and 1+f ε = 1 (which includes also the MFV models) is consistent with all constraints but only for sin 2β in the lower part of the chosen range. There is also a room for contributions of new operators resulting in R sd = 1 provided 0.7 ≤ R sd ≤ 1.4. As in strategy B they could be distinguished through the value of the angle γ. We also observe that no sizable contributions to ε beyond the SM ones are required. For a ψK S = 0.60 ± 0.05 models giving R sd = 1 are consistent with the R b -and ε-constraints for sin 2β in the full chosen range. In this scenario models with 0.8 ≤ R sd ≤ 2.0 and no sizable new contributions to ε and models with R sd < 0.8 but with 1 + f ε > 1.0 are favoured. Again the measurement of γ could distinguish between these possibilities. It is interesting to note that for 1.5 ≤ R sd ≤ 2.0 it is possible to have γ > 90 even for 1 + f ε = 1. Finally, for a ψK S = 0.4 models giving R sd = 1 are ruled out as they do not satisfy the R b -constraint. In order to reconcile this constraint with a ψK S ≈ 0.4, values of R sd substantially different from unity are required. Moreover in the case of R sd < 1.0 one has γ ≪ 90
• but large new contributions to ε leading to 1 + f ε > 1.0 and R dε < 1.0 are mandatory. In contrast, if R sd > ∼ 2.0 γ can be much bigger than 90
• even without new contributions to ε i.e. with 1 + f ε ≈ 1. † This is valid for −π/4 < β < π/4; for other ranges of β similar formulae can be obtained. As in some scenarios discussed above R dε must differ from unity, we show in fig. 5 the dependence of the lower bound for sin 2β on the value of R dε together with the 1σ BaBar result and the present official experimental 1σ band (1.3) for a ψK S = sin 2β. It follows, that at present the ratio R dε would be constrained at 1σ by the BaBar result to be less than 2.2 but the analogous limit following from the grand average (1.3) is much higher. Fig. 5 has been obtained for R sd = 1.0 but (sin 2β) min depends only very weakly on the ratio R sd : very similar curves are obtained also for 0.6 ≤ R sd ≤ 2.0.
Constraints on GMFV models from unitarity triangle
In the preceding subsection we have presented two strategies which in principle should allow to decide on the basis of experimental measurements whether going beyond the MFV models is necessary, i.e. to establish whether R sd = 1. In this section we want to explore constraints and correlations imposed by the experimental data (present and future) and the unitarity of the CKM matrix on the functions F i tt . These constraints can be then effectively used to test the specific GMFV models of new physics.
The first constraint follows from fitting the formula (2.5) to the measured (in the near More stringent constraint on R sd (if R t is determined from (2.8)) or 1 + f d (if R t is determined from (2.7)) will follow from R b combined with the information about sin 2β obtained from future accurate measurements of the asymmetry a ψK S . It is easy to see that for sin 2β < ∼ 0.34 there are two allowed bands of 1 + f d corresponding to two possible solutions ‡ for R t : It is also interesting to assume that the asymmetry a ψK S (i.e. sin 2β in GMFV models) fig. 7b for sin 2β = 0.8 by the solid lines. It should be stressed that it is the constraint from the a ψK S asymmetry which eliminates solutions withη ≈ 0 thus providing, for fixed 1 +f d , the upper bound on 1 +f ε .
In agreement with the bound (1.6) we observe that for sin 2β = 0.4, R dε ≡ (1+f d )/(1+f ε ) has to deviate from unity while for sin 2β = 0.8 points corresponding to R dε = 1 lie within the allowed region. Finally, one can impose also the constraints from R b (2.12). The allowed ranges in the (1 + f d , 1 + f ε ) planes are dotted in figs. 7a,b. They are not simply given by the intersection of the regions allowed respectively by (∆M d , ε, R b ) and (∆M d , ε, sin 2β) because the same point in the (1 + f d , 1 + f ε ) plane may require differentρ andη to be compatible with the two above sets of experimental data.
For a fixed value of the ratio ∆M s /∆M d the same analysis can be also repeated for the (R sd , 1 + f ε ) plane. However, since the value of ∆M s /∆M d serves only to determine R t from eq. (2.8) we show instead in fig. 8 the allowed ranges in the plane (κR sd , 1+f ε ) where 
GMFV Models
Using general formulae (7.27)-(7.32) in [32] it is easy to express the functions F d tt , F s tt and F ε tt in terms of the Wilson coefficients at the scale at which the effective Hamiltonian is generated, the relevant QCD renormalization group factors η and the non-perturbative B i factors. Suppressing the superscripts d, s and ε for a moment we find
where r = 0.985 [27] describes the QCD corrections to S 0 (x t ) in the SM. This factor is present because we have factored out η B in (2.5) and η 2 in the analogous formula for ε. The first line of eq. 
3)
with the effective parameters [B
where B a i (µ b ) are related to the hadronic matrix elements B 0 q |Q i |B 0 q . The QCD factors [η ij (µ b )] a are given in [32] .
In the case of F 
The NLO QCD factors η ij (µ b ) and η ij (2 GeV), relevant for ∆M d,s and ε respectively, have been evaluated in [32] . For completeness we give in table 2 their numerical values for different scales (denoted here by µ NP ) at which the new operators are generated.
The parameters B i for theK 0 -K 0 mixing are known from lattice calculations [31, 41] .
For the values corresponding to µ t in the table 2 and in the NDR scheme one finds [32] :
The large values of these coefficients originate in the strong enhancement of the QCD factors η ij for the LR and SLL (SRR) operators and in the chiral enhancement of their matrix elements seen in eq. Since we took µ b = 4.2 GeV instead of 4.4 GeV, these numbers differ slightly from those given in ref. [32] . Finally in order to calculateP 
where 
where the four-point functions D 0 and D 2 are defined in the Appendix. Diagrams with two H ± k give ¶ :
is already taken into account in the function S 0 (x t ). Masses of the u and c quarks are neglected. . In the computations we take µ NP = M H + and apply the formulae given in Appendix C of ref. [32] . As our calculation of the Wilson coefficients at µ NP does not include O(α s ) corrections and the relevant matrix elements of LR and SLL operators in the B-system have been evaluated using the vacuum insertion method, there are inevitably unphysical scale and renormalization scheme dependences present in our final results. We expect that these dependences are small at scales O(µ NP ) as the strong coupling α s (µ NP ) is small. They could turn out to be more important at µ = µ b where α s is bigger. Consequently the evaluation of the hadronic matrix elements of the LR and SLL operators relevant forB 0 -B 0 mixing in the NDR scheme is very desirable. This would not only remove the unphysical dependences in question but would also give the actual values of the relevant matrix elements in QCD. Still we believe that our calculation captures the correct size of the dominant new physics effects. For large tanβ and M H + ≈ m t the leading terms of the above contributions to the Wilson coefficients C i are of the order (e 4 /(32s
for diagrams with W ± H ∓ , and Unfortunately, recent refinements in the computation of the b → sγ rate [45] together with the new CLEO experimental result for this process [46] BR(B → X s γ) = (3.03 ± 0.40 ± 0.26) × 10 −4 set the bound M H + > ∼ 380 GeV [47, 45] . This means that in the 2HDM(II) for the still allowed range of charged Higgs boson masses the decrease of 1 + f s can be very small. Consequently, the SM analysis of the unitarity triangle based on ε, ∆M d and ∆M s is practically unchanged in the 2HDM(II) for large tanβ < ∼ 50. However, the bound on M H + from the b → sγ rate does not apply in the MSSM which we consider in the next subsection.
MSSM with large tanβ
As a second realistic GMFV model we consider the MSSM. At the one loop level the contributions to the Wilson coefficients of the |∆F | = 2 operators (2.2) in the MSSM are given by chargino-top squark box diagrams and by box diagrams with the charged Higgs boson. Since the Higgs sector of the MSSM is (at the tree level) a special case of the general 2HDM(II) considered in subsection 4.1, the latter contribution is described by the formulae (4.4), (4.5). It is well known [24, 25, 48 ] that for tanβ not too big, the MSSM is of the MFV type and both, the chargino-stop and the Higgs sectors give positive contributions to 1 + f s ≈ 1 + f d ≈ 1 + f ε which are the bigger the lighter are particles in the loops and the smaller is the value of tanβ. In this section we want to consider the MSSM with large values of tanβ which are favoured both by the LEP limit on the mass of the lighter neutral Higgs boson and by the recent measurement of the anomalous magnetic moment of the muon [49] . As the treatment of the full MSSM contribution is complicated, we will for simplicity consider here only the limit of heavy sparticles and will concentrate only on the most spectacular effects. Complete analysis of the MSSM will be presented elsewhere [26] .
In the limit of heavy sparticles (which is practically realized already for M sparticles > ∼ 500 GeV) the one loop diagrams involving charginos and stops are negligible. It is however known that for large tanβ even if sparticles are heavy they can still compensate the H ± contribution to the b → sγ amplitude allowing for the existence of a light, ∼ O(150 GeV), charged Higgs boson [50, 51] . From fig. 9 it follows therefore that, even for * * tanβ < ∼ 50 and already at the one loop level the contribution of the MSSM Higgs sector to the C
LR 2
Wilson coefficient can be non-negligible.
At the two loop level one has to take into account not only the O(α s ) corrections to the Wilson coefficients (which in the MSSM arise from exchanges of gluons as well as gluinos) but also the dominant two loop electroweak corrections (proportional to large top and, in the case of large tanβ, bottom Yukawa couplings). The gluonic O(α s ) corrections to the charged Higgs box diagrams are expected to be of the same order of magnitude as the gluonic correction to the SM t − W ± box diagrams, i.e. moderate [28] . Also most of the two loop diagrams involving sparticles will give contributions suppressed by the inverse of the large sparticle masses. The one loop effects of the MSSM Higgs sector are however enhanced by an important class of two loop corrections involving sparticles. In the limit of heavy sparticles these corrections can be most easily identified in the effective
In accordance with the general framework of this paper we assume here that the CKM matrix is the only source of flavour and CP violation. * * In the MSSM one usually constrains tanβ to be less than 50 − 55 by requiring perturbativity of the Yukawa couplings up to the GUT scale ∼ 10 16 GeV.
Lagrangian approach [52] . While direct contribution of heavy sparticles to the Wilson coefficients can be neglected, it is well known that for large tanβ such sparticles do not decouple entirely [53] . Integrating them out modifies the original couplings of the two Higgs doublets to the known fermions leading to the following quark Yukawa interactions:
where H 
are the fermionic superpartners of the two Higgs doublets. 
where ǫ d (I) can be found in ref. [50] . Secondly, they induce additional, ∝ tanβ, terms in the couplings (4.2), (4.3) [22, 50] . Both these corrections should be taken into account in vertices of the charged Higgs boson box diagrams and constitute, therefore, the two loop corrections to the Wilson coefficients of the |∆F | = 2 operators. It turns out, however, that the most important (for non-negligible mixing of the top squarks) effect of the corrections ∆Y is the generation of the flavour non-diagonal, tanβ enhanced couplings of the neutral Higgs bosons to down-type quarks [54, 55] . In the effective Lagrangian approach these couplings originate from the diagram 10b. Details of their calculation have been presented in ref. [56] . They can be also computed diagramatically as in [56, 57] what allows to take fully into account the complicated composition of charginos. Additional contributions to the Wilson coefficients C are then generated by the double penguin diagrams shown in fig. 11 in which the neutral Higgs bosons are exchanged at the tree level between two effective flavour changing vertices generated at one loop.
The single neutral Higgs penguin diagram for the 
X tC is given by
where
, i = 1, 2, j = 1, 2 are the ratios of the stop and chargino masses squared, the matrices Z + and Z − are defined in ref. [44] and the function H 2 (x, y) is defined in the Appendix. The factor depend on F − which for tanβ ≫ 1 is close to zero and strongly suppresses these corrections. However the correction δ (0) C LR 2 is proportional to F + which is not suppressed in this limit. Approximating for simplicity the dimensionless factor X tC by unity, it is easy to see that in the case of theB . Consequently there can be a significant, growing as tan 4β , contribution to the C
Wilson coefficient which is further enhanced (relative to the C An important feature of the double penguin contribution is its fixed negative sign (because it is proportional X 2 tC ) i.e. the same as the sign of the dominant effects of the charged Higgs box diagrams at large tanβ. Therefore the double penguin contribution interferes destructively with the SM contribution and leads to 1 + f s < 1. Another interesting feature is its strong dependence on the left-right mixing of the top squarks which is clearly visible in fig. 12 where we show 1 + f s as a function of the stop mixing angle θ t for different chargino masses and compositions and different choices of the stop masses. For the same value of the mixing angle θ t , larger effects are obtained for bigger stop mass splitting because in this case the parameter |A t | has to be larger. It should be also stressed that this contribution does not vanish when the mass scale of the sparticles is increased (i.e. when all mass parameters are scaled uniformly). Thus, large effects decreasing 1 + f s below unity can be present in the MSSM also for the heavy sparticles provided the mass scale of the MSSM Higgs sector remains low and tanβ is large. This is illustrated in figs. 13a and b where we show 1 + f s as a function of tanβ (panel a) and M H + (panel b). Positive contribution to 1 + f s seen in fig. 13a Obviously, finding the asymmetry a ψK S below its SM value would also rule out this scenario entirely because for 1 + f d ≈ 1 + f ε ≈ 1 the unitarity of the CKM matrix requires sin 2β > ∼ 0.5, i.e. bigger than the bound (1.6) valid in MVF models which admit 1 + f d ≈ 1 + f ε = 1. If a ψK S is found around 0.6 then the combination of constraints from R b , ε and sin 2β similar to the ones shown in fig. 8 can put slightly stronger limits on 1 + f s ≈ R sd than the bound (2.18) alone but the usefulness of this limits will depend crucially on the measured value of ∆M s .
Finally, if experimentally a ψK S ≈ 0.7 and ∆M s combined with improved lattice results for B Bs F Bs and ξ allow for R sd ≈ 1 + f s ∼ 0.65 − 0.8, this scenario can lead to angle γ moderately smaller than the one predicted in the SM.
Conclusions
In this paper we have investigated the role of new dimension six four-fermion |∆F | = 2 operators in models with minimal flavour violation. Short distance contributions to the mass differences ∆M s , ∆M d and to the CP violation parameter ε are parameterized by three real functions F We have proposed a few simple strategies involving the ratio ∆M s /∆M d , sin 2β and the angle γ that allow to search for the effects of the new operators. We have also found model independent bounds on the functions 1 + f i = F i tt /S 0 (x t ) that should be considerably improved once ∆M s /∆M d , sin 2β and the angle γ are precisely measured and our knowledge about non-perturbative parameters and the CKM elements |V ub | and |V cb | is improved. Our findings can be summarized as follows:
• The present experimental and theoretical uncertainties allow for sizable contributions of new operators to ∆M s,d and ε.
• As the unitarity of the CKM matrix implies |V ts | ≈ |V cb | independently of new physics contributions, the function 1 + f s can be determined from the experimental value of ∆M s subject to the uncertainties in |V cb |, m t and in particular B Bs F Bs . For instance for ∆M s = 18/ps we find 0.63 ≤ 1 + f s ≤ 1.55. The decrease of the theoretical error in B Bs F Bs accompanied by a precise measurement of ∆M s should tell us whether 1 + f s > 1 or 1 + f s < 1 thereby excluding certain scenarios and putting important constraints on the parameter space of the surviving models.
• We find that values of R sd = (1 + f s )/(1 + f d ) substantially different from unity would allow sin 2β to be lower than in the MFV models and in particular in the SM. Simultaneously R dε = (1 + f d )/(1 + f ε ) < 1 would be favoured.
• Whether R sd > 1 or R sd < 1 is favoured by the data can be decided by the measurement of the angle γ with γ > 90 • and γ < 90
• corresponding for ∆M s = 15/ps to R sd > 1.2 and R sd < 1.2, respectively. For a given R sd and sin 2β, the predicted angle γ decreases with increasing ∆M s . For R sd > 1.5 and ∆M s /∆M d ≤ 40 values of the angle γ greater than 90
• are possible.
• We have determined the presently allowed ranges in the (1 + f d , 1 + f ε ) and (R sd , 1 + f ε ) planes. An analysis of a hypothetical measurements of ∆M s and a ψKs that allow the determination of the unitarity triangle illustrated various possibilities further.
As an example we have analyzed the role of new operators in the MSSM with large tanβ = v 2 /v 1 in the limit of heavy sparticles, investigating in particular the impact of the extended Higgs sector on the unitarity triangle. Here our findings are as follows:
• The largest effects of new contributions for large tanβ are seen in ∆M s . The corresponding contributions to ∆M d and ε are strongly suppressed either by inverse powers of tanβ or by the smallness of d-quark mass.
• The dominant contributions to ∆M s for large tanβ come from the operator Q LR 2 = (b(1 − γ 5 )s)(b(1 + γ 5 )s). They originate from double penguin diagrams involving neutral Higgs particles and, to a lesser extent, in the box diagrams with charged Higgs exchanges. The dominant double penguin diagrams arise through the generation of flavour non-diagonal tanβ enhanced couplings of neutral Higgs bosons to the down-type quarks and depend strongly on the mixing of the top squarks and their mass splitting.
• The contribution of double penguins grows like tan 4β and interferes destructively with the SM contribution, suppressing considerably 1 + f s below unity.
• All these findings have the following phenomenological consequences. The MSSM with large tanβ, substantial stop mixing and large stop mass splitting realizes the R sd < 1 scenario with γ < 90
• and generally smaller than in the SM and MFV models. As R dε = 1 and 1 + f ε = 1, the lower bound sin 2β > 0.50 valid in the SM remains unchanged. Consequently if a ψK S is found below 0.50, this scenario of the MSSM will be excluded (together with the SM) while other MSSM scenarios with lighter sparticles and lower tanβ, belonging to the MFV class, may still be consistent with the data. As seen in fig. 4 , for higher values of a ψK S the MSSM scenario considered here is a vital possibility with the angle γ smaller than in the SM, although values of R sd as low as 0.6 appear rather improbable.
• The constraint (2.18), which basically limits the magnitude of the stop mixing parameter A t , has also important consequences for other processes involving the B Detailed analysis of ∆M d,s and ε in the MSSM at large tanβ, including also scenarios with light sparticles will be presented soon [26] . It will be exciting to watch future developments in the experimental values of ∆M s , a ψK S and the angle γ that will either choose one of the possibilities considered in this paper or constrain the parameters of GMFV models.
